Introduction {#s1}
============

The primary purpose of this study was to develop a new approach to encourage leaping between exploration and exploitation learning in medical practice, which we predicted will improve patient safety in medical practice. Specifically, our model was designed to encourage both adherence to predetermined written guidelines, protocols and structured procedures (GPPs), when required, and 'leaping' from one concept, diagnosis or treatment plan to another, when required.

Current medical practice encourages adherence to GPPs. GPPs are based on current evidence and experience; they provide a sense of security, organisation and order. In most instances, adhering to GPPs results in optimal patient care. GPP adherence also provides peace of mind to the caregiving team. Nevertheless, there are cases where thinking 'outside the box' is frequently required. For instance, thinking outside the box may be required in complex situations, when it is not clear what GPP would be best suited to a specific patient, or when replacing the chosen GPP with an alternative (leaping from one diagnosis or treatment plan to another). Risk management methods, such as FMEA (failure mode and effect analysis, and processes improvements concepts, such as PDCA (plan--do--study--act cycle), are based on identifying risks and opportunities for improvements;[@R1] the ability to think 'outside the box' during risk management and process improvements is important.

Working according to GPPs is a form of exploitation learning. It emphasises standardisation, uniformity, low risk, consistency and low variance. In contrast, searching for a new diagnosis, new treatment plan, risks and opportunities for improvement is a form of exploration learning. It emphasises thinking outside the box and taking discretionary measures; it is associated with high variability and high risks. Exploration learning is essentially the approach used in research and development environments.

There is no doubt about the benefits and importance of both exploration and exploitation learning in medical care. However, both medical errors and failure to identify risks and opportunities for improvements frequently result from a physician's inability to simultaneously accelerate both of them, or rather smoothly switch between the two.[@R2] This inability to switch behaviour lies in the variation-reducing nature of exploitation learning. Exploitation learning restricts the development of alternatives,[@R4] hampers the discretion of employees[@R5] and leads to resistance to change and momentum; thus, exploitation learning inhibits variability[@R4] by promoting the 'easy route' of relying on habitual routines. Moreover, well learnt guidelines and procedures generally contribute to the comfort that an individual member feels within the department. When GPPs are well learnt, the confidence in an individual's role in the department increases; the risk of 'doing the wrong thing' decreases; and the likelihood of being perceived as deviant is reduced. As a result, GPPs entrap physicians into remaining within common and preselected GPPs (closed loop); in contrast, exploration learning requires leaping to alternative approaches.

Two approaches have been introduced to explain how to achieve both exploration and exploitation learning. The first approach, known as 'ambidextrous', refers to highly differentiated, but weakly integrated subunits.[@R6] According to this approach, organisational units should specialise in either exploration or exploitation learning. Exploration and exploitation units should be located in different places, have different personnel and even be related to different suborganisations.[@R4] In medicine, this translates into one group of teams that function according to GPPs, and another group of teams that 'think outside the box'. The second approach, known as 'punctuated equilibrium', refers to a temporal, rather than organisational, structure differentiation. It suggests that organisational transformations can be achieved by cycling through long periods of exploitation learning and short bursts of exploration learning.[@R7] This approach enables organisations to balance between exploration and exploitation learning, as they shift from one activity to another.[@R8]

Obviously, neither of these approaches can be implemented in medicine. The ambidextrous approach is impractical for medical practice, because the same people need to comply with GPPs and think outside the box, when necessary. The punctuated equilibrium approach is difficult to apply to medical practice, because the need to shift between GPPs and thinking outside the box is unpredictable; it depends on situations, rather than time.

To encourage leaping from exploitation to exploration learning, variability in individual beliefs should be encouraged.[@R9] Interdisciplinary and external teams are known to create such variability.[@R10] Multidisciplinary teamwork identifies risks and opportunities too frequently, only partially.[@R14] Their work is essential for the delivery of high quality and safe patient care,[@R15] and the use of both interdisciplinary and external teams is time-consuming, expensive and difficult to manage.[@R12] Moreover, according to our leaping model, the need for leaping occurs frequently, and interdisciplinary and external teams cannot be readily available in a routine manner. As a result, daily medical care requires alternative, lean elements that encourage leaping from exploitation to exploration learning.

In this study, we describe a 'Leaping model', which enabled the coexistence of exploration and exploitation learning in medical practice. To validate our model, we tested the following hypotheses in a classroom setting, before taking our model into real medical practice settings:Routine work encourages exploitation learning.A 'thinking protocol' can lead to leaping from exploitation to exploration learning.Working according to GPPs can induce leaping from exploration to exploitation learning.

Methods {#s2}
=======

The leaping model {#s2a}
-----------------

Our leaping model ([figure 1](#F1){ref-type="fig"}) illustrates how, in medical practice, teams leap from one mode of learning to another---back and forth---over time. We created the thinking protocol as a lean, readily applicable instrument, that encouraged leaping from exploitation to exploration learning. The thinking protocol comprised a set of questions known to evoke an explorative approach.[@R9] The thinking protocol encouraged discernment by teaching individuals to perceive themselves as having several choices of how to perform their tasks.[@R10] [Figure 2](#F2){ref-type="fig"} shows a flow chart of the thinking protocol for medical care. The thinking protocol was implemented as a printed form ([figure 3](#F3){ref-type="fig"}). A completed form, pertaining to the cardiological department in Poria Hospital is shown in [figure 4](#F4){ref-type="fig"}.
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GPPs control the variance in processes and outcomes[@R17] and they reduce the variance and ambiguity[@R18] in decisions made by personnel. Thus, we also created a set of GPPs to encourage a drift from exploration to exploitation. The GPPs comprised a set of instructions (checklist) that encouraged exploitation.

Model implementation {#s2b}
--------------------

The participants of the study were quality engineering students. Our method tested (1) whether routine work encouraged exploitative; (2) whether the thinking protocol encouraged leaping from exploitation to exploration and (3) whether a checklist (GPP) could induce a transition from exploration to exploitation. This method was implemented with students. The students were divided into four groups (A--D). In each group, the students were assigned to pairs, where one member was the participant and the other was the observer. The participants were asked to 'think aloud' to enable the observers to complete the questionnaire. The participants received eight instructions that were given one at a time; and they were carried out with Lego building blocks. The instructions were:Create a reasonable shelter for a Lego doll that, in real dimensions, could be used for humans.Give a name to the shelter.The shelter should have doors.The shelter should have windows.The shelter should have a radio.The shelter should have seats.Modify the shelter in such a way that it can move to the next room.Modify the shelter in such a way that it can float on water.

Group A received the instructions without interruption (control). Group B received the instructions, and on receiving instruction 7, they received the thinking protocol. Group C received the instructions, and on receiving instruction 8, they received the GPP checklist. Group D received the instructions, and on receiving instructions 7 and 8, they received the thinking protocol and the GPP checklist, respectively.

The thinking protocol is a questionnaire that allows the participant to determine whether a gap occurred between the current design and each of the requirements. When the participant recognised a gap, he was asked to estimate whether the gap occurred due to: (1) a wrong concept, (2) the wrong implementation of a good concept, (3) overdoing a step in the implementation (adding unnecessary elements) of a good concept, or (4) missing a step in the implementation (deleting necessary elements) of a good concept. When the most likely cause for the gap was a wrong concept, the participant was asked to consider alternative concepts. Otherwise, the participant was instructed to check the implementation of the concept.

The GPP checklist comprised a list of five instructions for completing the task, as follows: (1) read the requirement and determine its influence on the design; (2) plan the implementation; (3) obtain the required Lego blocks; (4) implement your plan; (5) check whether the plan fulfils the requirement.

The observer was asked to rate the participant's response to each instruction, based on a scale from 1 (*to a slight extent*) to 3 (*to a large extent*). Exploration instructions were assessed by rating the following responses: 'a lot of thought and discretion was needed'; 'new concepts or principles were needed'; 'new skills that were not needed in the previous tasks were needed here'; 'significant changes were made'; and 'searching for new possibilities was carried out'. Exploitation instructions were assessed by rating the following responses: 'concepts or principles that were used in previous tasks were required here'; 'compared to previous tasks, minor changes were carried out'; 'activities were based on experience acquired during previous tasks'; 'activities were based on knowledge acquired during previous tasks'; and 'was it clear to you (the participant) how to conduct the activities?'.

The independent variables were the requirements (the eight instructions). The dependent variables (outcomes) were the score for exploration and the score for exploitation.

Results {#s3}
=======

Data were collected for 25 pairs of students in each of the four groups (groups A to D, 50 students in each group). The study included 200 participants. The results are shown in [figure 5](#F5){ref-type="fig"}.
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When receiving the first instruction, the condition of all groups was characterised as low exploitation. As they progressed through the instructions, all groups exhibited increasingly more exploitation (p\<0.0001). Instruction 7 required leaping from exploitation to exploration, because after completing the first six instructions to build a house or a bridge, the seventh instruction required the participant to change the initial concept from a house or bridge to some kind of vehicle. Immediately before receiving instruction 7, the condition of all groups was characterised as high exploitation. At this point, two groups received the thinking protocol and two did not. Both groups that implemented the thinking protocol leaped from exploitation to exploration (p\<0.0001). The other two groups continued with exploitation (p=0.1173, p=0.0758). Instruction 8 required leaping from exploration to exploitation; because no innovative idea was required (Lego blocks float in water). At this point, two groups had been exhibiting exploitation and two groups had been exhibiting exploration. Both groups that had exhibited exploitation continued with exploitation learning, whether they received or did not receive the checklist (p=0.0385, p=0.0181, respectively). However, the two groups that had exhibited exploration responded differently to instruction 8. The group that received the checklist exhibited leaping to exploitation (p\<0.0001), and the group that did not receive the checklist continued with exploration (p=0.2363). The participants of this group began to look for innovative concepts, such as a submarine.

Conclusions {#s4}
===========

Leaping from exploitation to exploration at appropriate times is important in preventing intellectual fixation in a situation that requires consideration, creativity and risk-taking. Leaping from exploration to exploitation at appropriate times is important in preventing undesirable situations, such as wasting resources and missing opportunities to prevent the deterioration of a given situation. Moreover, in medical practice, leaping from exploration to exploitation at inappropriate times can also lead to deterioration in a patient's condition. When the patient's state becomes unstable, the clinician must adhere to a predetermined set of actions (exploitation) taken in an attempt to stabilise the patient's condition.

Despite the importance of timely leaping between exploration and exploitation, in some events, medical teams fail to make the appropriate leap.[@R2] Indeed, our results showed that routine work encouraged high exploitation. Within exploitation, it was difficult to recognise the need to leap into exploration. However, we found that when the thinking protocol was implemented, individuals could recognise the need for exploration, and new concepts were established. The thinking protocol was critical in preventing unreasonable adherence to a single diagnosis or treatment. Conversely, within exploration, it was difficult to recognise the need to leap into exploitation. However, we found that, when the GPP checklist was implemented, individuals could recognise the need for exploitation; thus, they stopped searching for new concepts, and began working according to a protocol. Both the GPP checklist and thinking protocols are sustainable. As we have seen in this research, both can be implemented identically by different teams.

Our leaping model combined the two accepted, but contradictory, approaches for establishing a balance between exploration and exploitation. On one hand, consistent with the ambidextrous approach, we posited that exploitation and exploration were separate states, and that leaping between them required conscious effort. On the other hand, consistent with the punctuated equilibrium approach, because leaping between is dynamic and generally requires short durations, we posited that the two also existed simultaneously. Moreover, although several studies have discussed the existence of leaping,[@R9] most authors have suggested that leaping occurs over a relatively long period of time. On the other hand, we suggest that leaping can occur over very short time periods, like days, or even hours.

In the future our insights will be investigated during the implementation of our model (leap from exploitation to exploration) in daily medical practice multidisciplinary teamwork including patients and caregivers in different areas as risk management and process improvement.
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